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Abstract Measurement of respiratory rate (RR) is essential in the evaluation of respiratory disorders.However, the
variabilityin RRmeasurementin adultshasneverbeen adequatelyassessed.Respiratoryratewasmeasuredtwice in 245
patients; the two measurements were performed by the same observer in 137 patients, by di¡erent observers in 58
patients and simultaneouslybydi¡erentobserversin 50 patients.Themean (SD) di¡erencebetweenthe ¢rst and second
measurementswas 0?03 (3); 95% limits of agreementÿ4?86^4?94 breathsminÿ1,ÿ5?7 ^5?7 breathsminÿ1, andÿ4?2 to
4?4 breathsminÿ1for the sameobserver, di¡erentobserver and simultaneousobservergroups, respectively.The di¡er-
ence in RRmeasurements did not vary with RR.In conclusions on average, there is verygood agreement between ob-
servers in RR measurement. Inter-observer variability may account for a di¡erence of up to 6 breaths minÿ1. This is
relevantwhen applyingclinicalpredictionrules based onthreshold RRvalues.r2001Harcourt Publishers Ltd
doi:10.1053/rmed.2001.1203, available online athttp://www.idealibrary.comon
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Themeasurementof respiratoryrate (RR) is useful in the
clinical evaluation of adultswith respiratorydisorders (1).
It has been shown to be helpful in the diagnosis of
pulmonary embolism, lower respiratory tract infection
in the elderly andrespiratory failure in patientswith cys-
tic ¢brosis (2^4) it is also an essential clinical tool as an
indicator of disease severity in patients presenting with
acute severe asthma or community-acquired pneumonia
(CAP) (5ÿ7).
Recently, there has been increased interest in the
use of clinicalpredictionrules to stratifypatients accord-
ing to disease severity and hence permit di¡erent
management strategies to be applied. In patients with
CAP, a RR of 30 or more breaths per minute is widely
used to denote increased severity both in North
American and European guidelines. (1,8^10) Accuracy in
the measurement of RR in adults has never been
adequately assessed compared to the situation in
children.Received 22 June 2001, accepted 20 August 2001andpublished online14
November 2001.
Correspondence should be addressed to Dr. J.T.Macfarlane,
Respiratory Medicine,NottinghamCity Hospital, Hucknall Road,
NottinghamNG51PB,U.K.Fax:+44 (0)115 9627723;
E-mail: john.macfarlane@tinyworld.co.ukWe describe a prospective evaluation of thevariability
of RRmeasurement in adults admitted to hospital.
METHODS
The study was conducted at Nottingham City Hospital
from 28 June to 16 August 1999. Two hundred and
forty-¢ve patients on medical wards or attending the
lung function department and who had capillary blood
samples taken by lung function technicians for blood gas
analysis were studied. Each patient was seen twice. On
the ¢rst visit, Algipan rub was applied to the right ear
lobe to encourage vasodilatation and on the second visit
about15min later, a capillaryblood samplewas obtained
for analysis. Respiratory rate was measured over 60 sec
at thebeginning of each patient visit. In137 patients, both
visits were performed by the same observer (same ob-
server group) and in 58 patients the secondvisitwasper-
formed by a di¡erent observer (di¡erent observer
group).
In a further 50 patients, RR measurements were
performed simultaneously by two di¡erent observers
on patients admitted to the Medical Admissions Unit
(simultaneous observer group).One of these observers
was always a study investigator (S.G.) and the other the
nurse attending to thepatient at the time.Patients in the
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gas analysis performed.
Statistical analysis
The inter-observer variability was examinedby calculat-
ing themeandi¡erencebetween the ¢rst and secondRR
measurements for each of the threegroups of observers.
The 95% limits of agreement, de¢ned as themean71?96
(standard deviation of the di¡erences), are also reported
(11). The relationship between RR and blood gas
measurement was examined by calculating Spearman’s
correlation coe⁄cient. In all instances, a P-value of less
than 0?05 was considered statistically signi¢cant.
RESULTS
Two hundred and forty-¢ve patients were studied; mean
(SD) age 68?2 (18) years (range 17^103 years), 139 (57%)TABLE 1. Di¡erencesbetweenrespiratoryratemeasurements
Study Group Mean1st RR
measurement
(breathsminÿ1)
Mean 2nd RR
measurement
(breathsminÿ1)
Same observer
(n=136)
24?1 24?1
Di¡erent observer
(n=58)
20?9 20?9
Simultaneous
observer (n=49)
22?1 22?0
FIG. 1. Scatter plot of di¡erence in respiratory rate measure-
ments (RR1ÿRR2) against mean (RR1+RR2)/2. RR1=¢rst RR
measurement,RR2=second RRmeasurement.males.Capillary blood gases were obtained in 194 (79%)
patients. Mean (SD) duration between the ¢rst and
second RR measurements (excluding the simultaneous
observer group) was14 (0?005) min.
Overall, the mean (SD) di¡erence between the ¢rst
and second RR measurements was 0?03 (3). The di¡er-
ence in RR measurements did not vary with RR (Fig. 1).
After excluding data from two outliers (one with a RR
di¡erence of 19 breaths minÿ1 and the other 13 breaths
minÿ1), the 95% limits of agreement for the same
observer, di¡erent observer and simultaneous observer
groups were ÿ4?86^4?94, ÿ5?7^5?7 and ÿ4?2^4.4
breathsminÿ1respectively (Table1).
Respiratory rate was inversely correlated with the
PaO2:FiO2 ratio (Spearman’s r=ÿ0?308, Po0?001) but
not with pH or PaCo2.
DISCUSSION
This is the ¢rst time that the inter-observer variability in
RRmeasurement has been evaluated in adults.We found
that, on average, there was very good agreement
between observers and that the variability in RR
measurement did not increase with increasing respira-
tory rates.The three observer groups described mirror
the usual clinical situation where patients admitted to
hospital are initially assessed by a doctor and a nurse,
and are reviewed shortly afterwards by the same, or dif-
ferent doctor or nurse. In these situations, a di¡erence in
RR measurement of up to 6 breaths minÿ1 may be due
entirely to inter-observer variability as indicated by the
95% limits of agreement (11).
Therefore, if a doctor, on initial assessment of a pa-
tient, observes the RR to be 33 breaths minÿ1 and 15
min later, a second doctor observes the RR to be 27
breathsminÿ1, these ¢ndings are still within the 95% lim-
its of agreement for measurements made by two di¡er-
ent observers (3376 breaths minÿ1). This is an
important consideration when making clinical decisions
using threshold values for RR to stratify management
options. For instance, in the management of CAP, a RRaccording to studygroup
Mean average RR
(breathsminÿ1)
Mean (SD)
di¡erence
(breathsminÿ1)
95%limits of
agreement
24?1 0?04 (2?5) ÿ4?9^4?9
20?9 0 (2?9) ÿ5?7^5.7
22?1 0?1 (2?2) ÿ4?2^4?4
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used to de¢ne severe disease, and prompt the use of in-
travenous combination antibiotics or even intensive care
admission (9,10) However, in a patient who appears well
andhas a RRof 33 breathsminÿ1, repeatmeasurementof
the RR a few minutes later may be a more appropriate
initial intervention compared to aggressive treatment
with its attendantmorbidity.
Clearly, in the acute emergency situation where
therapeutic interventions are actively being adminis-
tered, changes in RR as a result of dynamic changes in
themedical conditionmust also be taken into account.
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